Introduction
Molecular genetics techniques now allow us to examine variation among transmissible elements in detail. The phylogenetic relationships and the relative extents of divergence between the elements themselves can be inferred, and, when this information is analyzed with regard to the geographic distribution of the organisms from which the elements are isolated, the time dimension is added to biogeography.
In this paper, we present a study of mitochondrial DNA (mtDNA) restrictionenzyme fragment-length polymorphism (RFLP) within and among members of a species complex of grasshoppers that are distinguished from each other by major chromosomal differences. Two subspecies in particular are each widespread, and mtDNA from animals from numerous sites within each of their ranges has been analyzed. A phylogenetic reconstruction of the mtDNA from within each of these groups shows that in one taxon there is considerable divergence among the mtDNA molecules from animals collected at distant sites, while in the other there is little mtDNA differentiation over its entire range. This result contrasts with the cytology of the two groups: the former is chromosomally conservative, while the latter exhibits a "complex pattern of chromosomal variation along a latitudinal cline" (Shaw et al. 1988~) ) involving major structural changes to all members of the karyotype. If mtDNA variation is regarded as selectively neutral in these systems, then the results and their interpretations presented here have important implications for the function and evolution of chromosomes. However, if chromosomes are no more than suitcases for genes, then the results must be interpreted to suggest peculiar evolutionary behavior of mtDNA. 856 
Marchant and Shaw
The morphologically monotypic Australian grasshopper genus Caledia (F.) (Orthoptera: Acrididae: Acridinae) contains two taxonomic species, one of which (C. captiva) is divided into several taxa that have been defined on the basis of their karyotypes, by Shaw ( 1976) . The distributions of these taxa and of representative karyotypes are shown in figures 1 and 2. In all Caledia, the karyotype consists of 11 pairs of autosomes, and there is an X/O sex chromosome system; with only minor exceptions, homologous chromosomes are the same length in the different Caledia taxa.
The "Torresian" taxon is the chromosomally conservative one alluded to above. Its range covers a large part of northern and eastern Australia, and it extends into Papua New Guinea. Its karyotype consists entirely of acre-and telocentric elements.
Three previously described taxa-"Lake's Entrance," "Southeast Australian," and "Moreton''-together form a set referred to in this paper as the "Southern Group." Moreton, whose karyotype contains mostly metacentric and submetacentric elements, is found in southeastern Queensland and represents the northern extremity of a cline that extends to Victoria. At the southern extreme, the Lake's Entrance taxon has a karyotype in which all chromosomes are telo-or acrocentric (thus resembling those of the Torresian taxon). Between (the Southeast Australian taxon) there is a cline for all members of the karyotype, such that chromosomes with centromeres in more metacentric positions appear at low frequency in relatively southerly populations, increase in frequency northward, and are then replaced by more metacentric homologues farther north again. This results in several forms of each chromosome in the Southern Group karyotype (e.g., 23 different forms of the X chromosome have been observed), which differ by the positions of their centromeres, and it appears that the centromeres gradually move toward the centers of their chromosomes with decreasing latitude. This cline is described in detail by Shaw et al. ( 1988a) .
Other Caledia taxa are "Daintree," a sibling species of C. captiva, and the taxonomically distinct species Caledia sp. nova 1. Both Daintree and Caledia sp. nova 1 are karyotypically conservative, with acre-or telocentric chromosomes.
In this study of mtDNA RFLP within and among members of the Caledia species complex, we present a phylogenetic reconstruction of the mtDNA molecules, on the basis of restriction-enzyme maps, from selected individuals representing all the recognized taxa and many localities within the ranges of the Torresian taxon and the Southern Group. In addition, "composite mtDNA genotypes" (Avise et al. 1979) , based on sets of shared restriction-fragment patterns from a much larger set of individuals, are analyzed with reference to their geographic origins. Figure 3 shows sites at which collections were made. In table 1, each collection site is defined by a name consistent with site names given in other reports by Shaw et al.
Material and Methods Collection Sites

mtDNA RFLP Detection
Total DNA was prepared from whole gutted animals (or, in some cases, from single femoral muscles) by methods described elsewhere (Arnold et al. 1987 ) and was digested with restriction enzymes, electrophoresed through agarose, Southern blotted onto Biodyne (New England Nuclear), and probed by using standard methods. The probes used were three pUC1 &derived (Yanisch-Perron et al. (Marchant 1988a, 19886) . Sites 9, 11, and 12 are not shown: site 9 is between sites 8 and 10; and sites 11 and 12 are between sites 10 and 13.
representing the whole molecule (Marchant 1988b) , used either in an equimolar mixture to detect recognizable fragment patterns or, sequentially, for the construction of restriction maps. Probes of Locusta mtDNA, cloned by McCracken et al. ( 1987) and provided by G. R. Wyatt (University of Kingston, Ontario), were also used in the early stages of the investigation.
Restriction-Enzyme Analysis
The DNA from most of the animals studied was cut with each of the four enzymes MspI, HaeIII, XbaI, and HindIII. Each individual could be characterized by the four fig. 3 . b Names are consistent with those used in all other papers on Caledia by Shaw et al. ' Letters represent MspI, HaeIII, XbaI, and Hind111 restriction patterns, in that order. A dash (-) denotes that data are missing for that enzyme d One animal with an anomalous mtDNA genotype, typical of the Daintree taxon, which was observed at site 14, a site that otherwise, mitochondrially and chromosomally, had a Moreton population. As circumstances make it extremely unlikely that this could be due to accidental mixing of samples or data, this result is recorded here, but its singular nature precludes speculation on its significance. patterns produced by these enzymes [to give a composite mtDNA genotype, according to Avise et al. ( 1979) and others]. In addition, restriction maps of the mtDNA of a subset of individuals were made with these four and an additional five enzymes (BarnHI, BglII, EcoRI, KpnI, and SacI). Insects subjected to this analysis were chosen as follows: first, representatives of each taxon; second, a wide range of localities within the ranges of the Torresian taxon and the Southern Group; third, insects with four-enzyme composite genotypes that were common; and, fourth, individuals whose four-enzyme composite genotype or other restriction enzyme results (not presented) suggested that their mtDNA may have been unusual.
Phylogenetic Reconstruction
The phylogenetic reconstruction of mtDNA maps was done according to cladistic principles and with the assistance of the computer program MacClade 2.1 (Maddison and Maddison 1987 ) . Where necessary, preference was given to parallel site losses or to losses after site gains, over parallel site gains or regains after losses.
Results
The methods produced effectively two data sets-one of large sample size but relatively little molecular information (patterns shown in fig. 4 ; results compiled in table 1 ), and the other of much smaller size but with more detail ( fig. 5 and table 2) . From the latter set of restriction maps, a phylogeny was inferred by using parsimony criteria and was illustrated according to the example of Hillis and Davis (1986) (fig. 6) .
Because of the overlap in the information in the two sets, the positions of MspI, HaeIII, XbaI, and Hind111 sites in all patterns produced by these enzymes could be inferred ( fig. 7 ) . This allowed the construction of relatedness networks ( again according to the parsimony principle) within certain groups of four-enzyme composite genotypes. These networks, for the Torresian and Southern Group taxa, are related to their geographic distributions and are shown in figure 8. Detailed analysis of mtDNA genotype distribution in insects from the Moreton /Torresian hybrid-zone transect (sites 8-13, including six separate locations within the center of the hybrid zone that are here labeled as a single site, i.e., " 10") has been presented elsewhere (Marchant 19883; Shaw et al. 1988b) .
Relationships between the mtDNA of the Chromosomal Taxa of Caledia
The general form of the inferred mtDNA phylogeny appears quite similar to those derived from allozyme studies (Daly et al. 198 1; P. Wilkinson, personal communication) .
However, mtDNA phylogeny is based on analysis of the differences between what are (from the population-genetics point of view) different alleles at one locus (the mitochondrial locus), and so it differs fundamentally from phylogenies reconstructed from allozyme data, which represent the relationships of populations of organisms and are based on frequencies within populations. Therefore, the tree presented here represents the relatedness between restriction maps of mtDNA from individual animals, and not of populations.
mtDNA identical to that found in the Southern Group is also found in an area of the Torresian chromosomal type, a phenomenon that has been described elsewhere (Marchant 1988a (Marchant , 1988b Marchant et al. 1988; Shaw et al. 1988b Shaw et al. , 1990 ) and that The number associated with each site defines the character used in the cladistic analysis. An asterisk (*) indicates that the location of the particular cleavage site has not been precisely determined; however, its identity as a distinct site has been established. There are 60 sites, of which 22 are cladistically informative. has been attributed to introgression. In this paper, mtDNA considered to be Torresian excludes this (presumed) introgressed Southern Group mtDNA.
mtDNA Diversity within the Southern Group Within the Southern Group, there appears to have been very little differentiation. In the set of animals investigated with four enzymes, two mtDNA types, which differ from each other by a single observed restriction site, predominated. A number of rarer and more localized types were also found. Such variation as there is can be accounted for by the loss or gain of a very small number of sites.
Although, in the inference of phylogenies from restriction-site data, the parallel origination of sites and the recovery of lost sites are considered to be the least likely of possible convergent events (Templeton 1983; DeBry and Slade 1985) , in the short term, this may not necessarily be so: since the probabilities of substitutions differ for nucleotides at different positions (e.g., third-position nucleotides are more free to vary than are first-or second-position nucleotides) , the loss or gain of a particular restriction site may depend largely on substitution at a single nucleotide position; and, since the transition/transversion ratio in mtDNA is very high (Brown et al. 1982; Satta et al. 1987) , a given nucleotide position will most likely change by transition, and the most likely subsequent change is another transition at the same position, to recreate the original sequence (Brown et al. 1982 ) . Therefore, we do not attach much importance to geographic patterns of occurrence of mtDNA types within this taxon. cesses (supposition 1 ), with a constant rate of mutational change, then these data indicate (a) that major and systematic karyotypic restructuring can occur quickly (in relation to the time needed for neutral elements to accumulate much difference) (this is the Southern Group case) and, conversely, (b) that karyotypic characteristics can be conserved, despite the presence of conditions (time and isolation) that permit nonadaptive divergence of mtDNA (this is the Torresian case). A hypothesis following from this is that the common ancestor of the Southern Group acquired the genetic capacity for major structural change of the chromosomes, that this allowed locally superior karyotypes to appear, and that the rapid spread of its descendants through southeastern Australia was thereby facilitated. There are some precedents for genetic correlates of chromosomal mutability (Peters 1982; Shaw et al. 1983 ).
An alternative interpretation of the data presented in this paper could be as follows. If chromosome structure and karyotype organization are considered to be selectively irrelevant (supposition 2)) then these data would suggest that certain mtDNA variants can possess advantages enabling them to spread rapidly. If we tentatively entertain this hypothesis, it could be proposed that the Southern Group mtDNA (now observed) has been able to spread itself throughout karyotypically very different populations of the Lake's Entrance, Southeast Australian, and Moreton taxa and also penetrate the Torresian subspecies, across the hybrid zone between it and the Moreton taxon (Marchant 198&z; Marchant et al. 1988; Shaw et al. 1988b Shaw et al. , 1990 .
The two suppositions are, of course, extremes of a continuum. However, it is most parsimonius to consider the situation in this dichotomous way, given the limitations of the available information. Because the relatedness trees constructed from mtDNA resemble so closely those derived from allozyme data, the former of these suppositions (and its implications) seems more acceptable. Therefore, the findings from mtDNA presented here, in conjunction with the known cytogenetic information about the two subspecies, are considered to be corroborative evidence for the responsiveness of chromosome structure and karyotypic organization to natural selection, both directional and stabilizing.
